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Abstract

This paper presents the experience gained designing,
constructing and commissioning the TESLA Test Facility
(TTF) cryomodules, from the prototype to the most recent
version that fulfills the TESLA requirements. The new
solutions adopted in terms of radiation shields and cavity
fixtures will be particularly discussed due to their impact
on cost and performance. Based on this experience some
ideas are presented which should be applied to the
cryomodule design for the new generation of high current
proton linacs.

1 TTF CRYOMODULE
One of the principal goals of the ongoing TESLA Test

Facility (TTF) is to study the production of low cost and
reliable cryomodules meeting the stringent requirements
for the TESLA linear collider [1,2]. Each cryomodule
contains 8 superconducting RF cavities cooled to 2 K, a
quadrupole magnet package cooled to 4.5 K, thermal
shields cooled to 70 K and 4.5 K, active and passive
magnetic shielding, cryogenic service pipes and all
associated instrumentation. The axes of the 8 cavities must
be aligned to the ideal beam axis to within ± 0.5 mm and
those of the quadrupoles to within ± 0.1 mm. As proven
on TTF, but for the fully predictable parallel
displacement, the alignment of the active elements
performed at room temperature remains fixed after cool
down and during operations. The cryostat must be
designed so that there are no resonant vibration modes
near the 10 Hz operating frequency of the accelerator.
Although dynamic loads associated with the operation of
the RF and the beam dominate the heat load, reasonable
efforts to reduce the static heat leak into the cryostat are
necessary.

The first cryomodule prototype was tested at DESY in
early June 1997 [3]. Table 1 compares the measured and
expected static heat leak values for the 70 K, 4.5 K and
1.8 K temperature levels.

Table 1. Comparison of Measured and Predicted
Static Heat Leaks of the Prototype

Temperature
Level

Predicted Static
Heat Leak ( W )

Measured Static
 Heat Leak ( W )

70 K 76.8 90
4.5 K 13.9 23
1.8 K 2.8 6

Due to the huge number of cables for sensors,
including 144 coaxials cables for the 2 K Wire Position
Monitors  (WPM), and to the two optical windows for
cold alignment checks, these values have been considered
adequate, taking into account that they include the end and
feed caps.

The need for improvements has been dictated by cost
considerations, which are dominated by the thermal
shields.  Special copper braids connected to stainless steel
cooling pipes cool these shields. Moreover, fabrication
and assembling experience showed that the criteria used to
define the general fabrication tolerances were inadequate
and expensive [3].  Therefore, a new design was
developed by INFN that includes “finger welded” shields
and a completely different philosophy for mechanical
tolerances and dimensional control during fabrication [4].
This design, supported by an extensive use of FEM
computer simulations [5], was discussed and approved by
the TESLA Collaboration and two improved cryostats
were  ordered from the same Italian Company (ZANON),
at a price that  was less than one half that of  the
prototype.

The very good results obtained with these  second-
generation cryostats have been extensively reported
elsewhere [6]. In particular, the measured static losses are
close to the predicted values, the assembling procedure is
much easier, and a more precise and stable alignment of
the active elements (cavities and quadrupole package) is
possible. As a consequence the prototype cryomodule has
been rebuilt to be equivalent to the other two units.

Exploiting the experience gained from the
commissioning and operation of the three cryomodules
already installed at DESY, a third generation cryostat has
been designed by INFN to completely meet the TESLA
Collider requirements [7]. An evaluation of each
component and its influence on the general layout led to
the decision to reduce the vacuum vessel size allowing use
of a standard pipeline tube.  Checking all possible
solutions, a 38-inch (0.98 m) standard pipe (3/8’’thick)
was chosen. Three of these new cryostats are now in
fabrication at ZANON and their delivery is expected in
March 2000.

To arrange all components in the smaller vacuum
vessel, the thermal “finger welded” shields were
redesigned, optimizing their configuration to the reduced
volume and allowing sufficient margin such that
interference would not result from tolerance stack with the
standard pipe. The major improvement that permitted the









Figure 6. Pictorial view of the cryomodule concept presently under design in the framework of the Franco-
Italian collaboration on ADS. This two-cavity module is foreseen for the first two beta sections.

vacuum vessel. The vessel has a large lateral flange that
give access to the whole vessel. A pictorial view of the
module concept is presented in Fig. 6.

Cavities housed in their helium vessels are assembled
and aligned on a referenced frame inside a class < 100
clean room. Once the cavity string is completed, including
RF power couplers, and closed with vacuum valves, it is
moved on its frame into the vacuum vessel. The alignment
is preserved by the use of an identical referenced rail
system in the vacuum vessel and in the clean room to
reproduce the position of the cavity string supporting
frame, i.e. of the cavities themselves.

A single shield at 40 K, based on the well understood
“finger welding” technique, has been preferred, given that
the dynamic losses are dominant. The cavities are
supported by the TESLA like sliding fixtures.

The detail design of this module is now under way
within the framework of the Franco-Italian collaboration
for ADS. We expect to have the first two cryostat
prototypes fabricated in 2001 and to test them with
cavities and ancillaries by end 2003 [9].
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